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•  Recent  work  by  the  authors  to  apply  nodal  aberration 
theory  to  characterize  the  misalignment-induced 
aberration  fields  in  astronomical  telescopes  has  led 
to  some  important  new  results  including 


-  A  new  misalignment-induced  field  dependence  Field- 
Centered,  Field-Asymmetric,  Field-Linear  Astigmatism 

-  A  methodology  has  been  found  to  integrate  as- 
measured  mirror  figure  error  characterized  by  a  Zernike 
polynomial  interferogram  fit  with  nodal  aberration 
theory  (NAT) 


•  The  second  result  allows  isolating  figure  error  from 
misalignment,  allowing  dynamic  range  for  correction 
to  be  conserved 
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•  A  misaligned  telescope  (including  TMA)  has  no  new 
aberration  types 

•  The  existing  aberration  types  often  develop  new  field 
dependencies  for  the  magnitude  and  orientation  within 
the  field  of  view 


•  The  new  field  dependencies  are  best  characterized  by 
characteristic,  intrinsic  nodal  geometries  (aberration 
zero  points)  that  are  reported  in  K.P.  Thompson, 

JOSA  A,  2005  (3rd)  and  JOSA  A,  2009,  2010  (5th) 


•  In  general,  once  misalignment  coma  is  removed,  the 
remaining  misalignment  astigmatism  is  zero  on-axis, 

but  it  is  NOT  field  quadratic 


K.  P.  Thompson,  "Description  of  the  third-order  optical  aberrations  of  near-circular  pupil 
optical  systems  without  symmetry,"  J.  Opt.  Soc.  Am.  A  22,  1389-1401  (2005). 
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•  The  JWST  is  an  obscured  aperture,  field- 
biased  three-mirror  telescope  corrected  for 
all  third  order  aberrations,  if  aligned  perfectly 


•  It  has  a  6.6M  (segmented)  aperture  and  a 
0.33  degree  Full  FOV 


Like  the  Hubble  Space  Telescope,  most  of  the 
instruments  use  portions  of  the  field  at  the 
periphery  of  the  field,  making  the  overall 
system  significantly  more  alignment 
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model  for  support  during  alignment 


University  of 


Central 

Florida 


OPTICAL 


RESEARCH 

ASSOCIATES 


OMe, 


The  Astigmatic  Field  tt#Rochester 

**  §  Robert  E.  Hopkins  Center  for 

with  Primary  Mirror  [ 

"Figure  Error" 


(a) 


Unlike  misalignment  which  create  field- 
centered,  field-linear,  field-asymmetric 
astigmatism,  primary  mirror  figure  error 
creates  field-centered,  field-binodal,  field- 
plane-symmetric  astigmatism  fc 

*  University  of 

1 7  Central 

Florida 


07  June  2010 


17 


OPTICAL 


RESEARCH 

ASSOCIATES 


OMe, 


Astigmatic  Nodal  States  tt#R°chester 

**  Robert  E.  Hopkins  Center  for 

of  Coma-Aligned  JWST  rr.rr &E“ 
Including  Figure  Error 


07  June  201 U 


University  of 

Central 

Florida 


OPTICAL 

RESEARCH 

ASSOCIATES 

ORAeit 


With  Figure  Error 
Misaligned  Component 
Coma-Free  Pivot 
RMS  Wavefront  Error 


FFD  Analysis 
Coma  Corrected 
Misaligned  JWST 
With  Figure  Error 


Astigmatic 

Component 

Misalignment 

and 

Figure  Error 


X  Field  Angle  in  Object  Space  -  degrees 


X  Field  Angle  in  Object  Space  -  degrees 


Comatic 

Component 


H  Rochester 

Robert  E.  Hopkins  Center  for 
Optical  Design  &  Engineering 

DESIGN  •  BUILD  •  ANALYZE  •  TEST 


-0 .3001 

-0.300  -0.200  -0.100  -0.000  0.100  0.200  0.300 

X  Field  Angle  in  Object  Space  -  degrees 

Astigmatic  Component 
Figure  Error  Only, 
Dominantly  3rd  Order 
Field-Binodal  Astig. 


University  of 


Central 

Florida 


OPTICAL 

RESEARCH 

ASSOCIATES 


OMe, 


Conclusions 

JWST  Performance  Limiting 
Misalignment  Aberrations 


IP  Rochester 

Robert  E.  Hopkins  Center  for 
Optical  Design  &  Engineering 

DESIGN  •  BUILD  •  ANALYZE  •  TEST 


•  It  is  considered  important,  and  readily  accomplished, 
to  report  the  3rd  order  misalignment  aberration  fields 
of  the  instruments  to  be  used  in  collecting  Phase 
Diversity  data 


•  The  aberrations  to  concentrate  on  at  final  alignment 
are 

-  field-constant  3rd  order  coma 

-  field-centered,  field-linear,  field-asymmetric  3rd  order 
astigmatism 

-  field-centered,  field-binodal  3rd  order  astigmatism 


Separating  the  misalignment  and  figure  error 
components  makes  best  use  of  compensating 
dynamic  range  -  Phase  Diversity  measurements  from 
at  least  two  and  preferably  three  instruments  allow 
distinguishing  these  two  components 
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o  Astigmatic 
Nodes 


Through  focus 
photographic  plate  taken 
with  the  90"  telescope  of 
the  Steward  observatory, 
located  on  Kitt  Peak.  This 
plate  was  taken  in  the  70's 
before  the  theoretical 
developments  that  led  to 
nodal  aberration  theory 
and  provided  the  first 
physical  confirmation  of 
the  validity  of  this  theory 
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Characterizing  Figure 
Error  as  a  Zernike 
Coefficient  Interferogram 
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The  "portal"  for  combining 
Zernike  coefficient 
interferograms  with  nodal 
aberration  theory 
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Offset  aperture  aspheres  were  included  in 
the  original  nodal  work  in  the  70s  -  this  path 
can  be  exploited  as  a  path  to  introduce  mirror 
figure  error,  for  mirrors  at  the  aperture  stop/pupils 
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